Certain aspects of the chronic complications of diabetes suggest that, with time, the abnormal metabolic milieu leads to irreversible changes in some cell populations. Since we have previously observed that high glucose concentrations induce an increase in single strand breaks in the DNA of cultured human endothelial cells, we have investigated whether the same abnormality occurs in cells derived from the in vivo diabetic environment. Peripheral blood lymphocytes obtained from 21 type I diabetic patients and age-and sexmatched controls were tested for rate of unwinding in alkali (a measure of DNA single strand breaks). The patients were subdivided into two groups on the basis of glycohemoglobin values above or below 9%. The group with glycohemoglobin values of 12.9 +/-2.4% (mean +/-SD), but not the group with glycohemoglobin values of 7.4 +/-1.5%, showed accelerated unwinding of lymphocyte DNA when compared to controls (P less than 0.01). These studies suggest that poorly controlled diabetes may result in DNA lesions, whose impact on long-term complications deserves to be investigated. 
Introduction
A number of aspects ofthe human and experimental pathology ofdiabetes mellitus suggests that the abnormal metabolic milieu so impacts with time on cellular function as to eventually lead to lethal or irreversible changes. Complete disappearance ofvascular endothelial cells, cells that are normally capable ofturnover and replication in response to injury, is a common finding in capillaries of the retina (1) and lower extremities (2) of longterm diabetic patients. Even prolonged near-normalization of the metabolic status fails, not just to correct, but to arrest the progression of advanced vascular abnormalities (3, 4) . When transported to the in vitro environment, fibroblasts explanted from diabetic patients manifest a decreased replicative life-span (5) and vascular endothelial cells derived from genetically diabetic animals exhibit abnormal insulin receptors and proliferative delay (6) .
The carry over of disturbed biologic functions in the neutral in vitro environment by cells undergoing division suggests that events that took place in vivo have led to some irreversible change in cell physiology. Vracko In previous work we had demonstrated that prolonged exposure of human endothelial cells to high glucose concentrations in vitro results, together with other abnormalities (7), in an increased number of DNA single strand breaks (8) . We have now sought to determine whether this type ofDNA lesion is detectable in cells directly derived from the abnormal in vivo diabetic environment and not subjected to in vitro manipulations. For this investigation human circulating lymphocytes appeared especially suitable: they are easily accessible, many of them are very longlived (9) and thus potentially vulnerable to cumulative changes, and in diabetic patients they manifest a variety of abnormalities (10) (11) (12) (13) (14) which, if of unclear clinical importance (10) , document that these cells are bystander targets of the deranged metabolic environment.
Methods
Patients. The studies were approved by the Committee on Human Studies of the University of California at San Diego (UCSD). 21 Aliquots ofthe lymphocyte suspension (5 X I05 cells) were distributed in triplicate into three sets ofglass tubes: in one set (total double-stranded DNA) unwinding in alkali was prevented; in the second (background) unwinding was maximized by sonication; and in the third (experimental sample) unwinding in alkali was allowed to occur as a function of time.
Reagents and procedures employed for the assay were as previously described (8) .
In preliminary studies we established the intraassay and interassay coefficient of variation (CV).' In three experiments the intraassay CV (two to three sets of lymphocytes from the same subject studied in the same assay) was 0.05, 1.0, and 1.9%. The interassay CV (lymphocytes from the same subjects studied in different assays on different days) was 
Results
We had originally compared DNA unwinding for the total group of diabetic patients versus controls and found a statistically sig-1. Abbreviations used in this paper: CV, coefficient of variation. nificant difference at P = 0.03. From observation of the data it was clear that the patients with the highest glycohemoglobin values were the ones mostly contributing to the statistical significance. We thus subdivided the patients into two groups: those with glycohemoglobin values > 9% (group 1) and those with glycohemoglobin values < 9% (group 2). The 9% cut-off point was chosen on the basis of suggestion from personal experience and published reports (19) that glycohemoglobin values of 9% or less are a realistic and reasonable goal for blood glucose control in insulin-dependent diabetic patients. Because of the previously observed interassay coefficient' of variation for the DNA unwinding assay, each group of diabetic patients was compared with its respective group of nondiabetic controls. The clinical characteristics of diabetic patients and respective controls are summarized in Table I . The two groups were perfectly homogeneous for number, sex distribution, and age. Blood glucose values tended to be higher and duration of diabetes longer in the group of patients with elevated glycohemoglobin, but the difference did not achieve statistical significance. Of the 21 patients, 1 was on thyroid replacement and 1 was a smoker; of the 21 controls, 1 was on oral contraceptives and 1 was a smoker.
When compared to the respective control groqp, the rate of disappearance of double stranded DNA-indicative of an increased number of single strand breaks-was significantly (P < 0.01) accelerated in the group of patients with elevated glycohemoglobin (Fig. 1) . In contrast, the unwinding of DNA from lymphocytes ofgroup 2 patients (normal glycohemoglobin) was indistinguishable from that of the respective control group.
The same pattern was apparent when analyzing, instead of the curves of percent residual double-stranded DNA, the decrements in fluorometric readings (total undisturbed DNA -DNA at the end of exposure to alkali). These were 9.7±3.2 in the patients with high glycohemoglobin, 5.9±1.6 in the patients with normal glycohemoglobin and 7.0±2.2 in the combined control group. By analysis of variance, these values were significantly different (P < 0.01) and by multiple range testing the high glycohemoglobin group differed (P < 0.01) from both the normal glycohemoglobin group and the nondiabetic controls. There was no statistically significant difference between the latter two groups. 5 (22) (23) (24) and such abnormalities in lymphocytes 0.01).
from old human donors are associated with an impaired proliferative response to mitogens (22) , which has also been reported for lymphocytes from diabetic subjects (10, 13 compatible with the course of the disease, which is a long-term degenerative process, not a rapidly progressive neoplastic pathology. Thus, the differences to be expected between patients and controls were likely to be of small magnitude, and the fact that they were very consistent and achieved large statistical significance suggests that they were real, and perhaps of biologic importance. That the accelerated rate of unwinding of DNA of lymphocytes from diabetic patients may reflect events other than DNA damage, for example a greater transcriptional activity (in response to the antigenic challenge ofexogenous insulin), is made unlikely by the fact that the group of patients with normal glycohemoglobin had a pattern of DNA unwinding superimposable to that of controls. The clustering of increased DNA unwinding among the patients with high glycohemoglobin, in concert with our previous observation of similarly accelerated DNA unwinding in human endothelial cells exposed to high glucose in vitro (8) , suggest that
